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(57) ABSTRACT

The present invention provides a method of forming via
holes. First, a substrate is provided. A plurality of first areas is
defined on the substrate. A dielectric layer and a blocking
layer are formed on the substrate. A patterned layer is formed
onthe blocking layer such that a sidewall of the blocking layer
is completely covered by the patterned layer. The patterned
layer includes a plurality of holes arranged in a regular array
wherein the area of the hole array is greater than those of the
first areas. The blocking layer in the first areas is removed by
using the patterned layer as a mask. Lastly, the dielectric layer
is patterned to form at least a via hole in the dielectric layer in
the first area.

11 Claims, 6 Drawing Sheets
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1
METHOD OF FORMING VIA HOLE

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a continuation application of U.S.
patent application Ser. No. 12/977,092 filed Dec. 23, 2010,
which is herein incorporated by reference in its entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a method of forming a via
hole, and more particularly, to a method of forming a via hole
by using a blocking layer.

2. Description of the Prior Art

Lithography processing, which is an essential technology
when manufacturing integrated circuits, is used for defining
geometries, features, lines, or shapes onto a die or wafer. In
the integrated circuit making processes, lithography plays an
important role in limiting feature size. By using lithography,
a circuit pattern can be precisely and accurately transferred
onto a die or wafer. However, with the increasing complexity
and integration of the integrated circuits, conventional lithog-
raphy process has met a lot of difficulties.

For example, in the process of manufacturing via holes, the
pore size of the via hole and the distance between each via
hole will be limited by the resolution of the photo mask. In
prior art methods for producing via holes, the photo resist
layer serves as an etching mask for etching the underlying
dielectric layer. For the 22 nm process, the pitch (the distance
of centers of two neighboring via holes) for via holes must be
lower than 90 nm and the “after development inspect critical
dimension” (ADICD) must be around 35-50 nm. For the
current lithographic tools, it is impossible to create contact
holes with pitch lower than 90 nm in one exposure. The
current solution is that the desired via holes are patterned by
two exposures with two photo masks on a photo resist layer,
and then followed by one etching step. Thus, a via hole array
with less pitch can be obtained.

By the aforementioned two exposing processes, a regular
arrangement of the via hole array can be obtained. However,
the method is suitable for forming the memory array, but may
not be suitable for forming an integrated circuit layout which
has irregular via hole arrangement.

SUMMARY OF THE INVENTION

The present invention therefore provides a method of form-
ing a via hole, which is suitable for forming an integrated
circuit layout and is able to produce via holes with smaller
pore size.

First, a substrate is provided. A plurality of first areas is
defined on the substrate. A dielectric layer and a blocking
layer are formed on the substrate. A patterned layer is formed
onthe blocking layer such that a sidewall of the blocking layer
is completely covered by the patterned layer. The patterned
layer includes a hole array wherein the area of the hole array
is greater than those of the first areas. The blocking layer in
the first areas is removed by using the patterned layer as a
mask. Lastly, the dielectric layer is patterned to form at least
a via hole in the dielectric layer in the first areas.

As a patterned blocking layer is employed in the present
invention before the etching step for forming via holes, the via
holes can be formed only in the desired region (that is, the first
region) rather than other regions. Accordingly, the method
provided in the present invention can produce via holes with
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smaller pore size by using the dual exposing processes, and
on the other hand, the method in the present invention can be
used in forming an integrated circuit layout with irregular via
hole arrangement.

These and other objectives of the present invention will no
doubt become obvious to those of ordinary skill in the art after
reading the following detailed description of the preferred
embodiment that is illustrated in the various figures and draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 to FIG. 12 illustrate schematic diagrams of the
method of forming via hole in the preset invention.

DETAILED DESCRIPTION

To provide a better understanding of the presented inven-
tion, preferred embodiments will be made in detail. The pre-
ferred embodiments of the present invention are illustrated in
the accompanying drawings with numbered elements.

Please refer to FIG. 1 to FIG. 12, illustrating schematic
diagrams of the method of forming via hole in the preset
invention. Please refer to FIG. 1 and F1G. 2, wherein FIG. 2 is
a cross-sectional view according to FIG. 1 along line AA'. As
shown in FIG. 1 and FIG. 2, a substrate 300 is first provided.
The substrate 300 may be a silicon substrate. In another
embodiment, the substrate 300 may include a silicon sub-
strate with a plurality of dielectric layers or protective layers
disposed thereabove (not shown). As shown in FIG. 1, at least
a first region 400 is defined on the substrate 300. The first
region 400 indicates the areas where the via holes will be
formed within in the subsequent steps.

Subsequently, a dielectric layer 302 is formed on the sub-
strate 300. The forming method may include a plasma
enhanced chemical vapor deposition (PECVD), a high den-
sity plasma CVD or a spin coating process, but should not be
limited thereto. The dielectric layer 302 may include a single-
layer structure or a multi-layer structure made of dielectric
materials, such as silicon dioxide (SiO,), silicon nitride
(SiN), silicon carbide (SiC), silicon oxynitride (SiON),
undoped silicate glass (USG), borophosphosilicate glass
(BPSG), FSG (fluorine-doped silicate glass), HSQ (hydrogen
silsesquioxane) (SiO: H), MSQ (methyl silsesquioxane)
(SiO: CH;), HOSP, H-PSSQ (hydrio polysilsesquioxane),
M-PSSQ (methyl polysilsesquioxane), P-PSSQ (phenyl pol-
ysilsesquioxane), porous sol-gel or their combination, but
should not be limited thereto.

Next, a blocking layer 304 is formed on the dielectric layer
302. The forming method may include a PECVD, a high-
density plasma CVD or a spin coating process. The blocking
layer 304 may include an organic layer such as a Si-content
bottom anti-reflective coating (Si-content BARC) layer.

As shown in FIG. 3, the blocking layer 304 is patterned to
remove the portion of the blocking layer 304 in the first region
400, thereby forming a patterned blocking layer 306. For
example, a photoresist layer (not shown) is formed on the
blocking layer 304, followed by a lithography process to
remove the photoresist layer in the first region 400. An etch-
ing step is carried out by using the patterned photoresist layer
as a mask to remove the blocking layer 304 within the first
region of 400. The photoresist layer is then removed. By using
appropriate etchant or etching recipe, the etching rate of the
blocking layer 304 is greater than that of the dielectric layer
302. Accordingly, the patterning process toward the blocking
layer 304 can be performed without etching away the dielec-
tric layer 302.
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As shown in FIG. 4, a first layer 308, such as a photoresist
layer, is formed on the patterned blocking layer 306. In one
embodiment of the present invention, the first layer 308
includes positive photoresist material. Next, the first layer
308 is patterned. In one embodiment that the first layer 308 is
a photoresist layer, a first exposing process is performed by
using a first mask (not shown) to expose the first layer 308.
The first mask may include a plurality of first stripe patterns
402. Please refer to FIG. 5 which shows the relative position
of' the first stripe patterns and the below first layer 308 when
using the first mask to perform the first exposing process. As
shown in F1G. 5, each first stripe pattern 402 is parallel to each
other. It is understood that the first layer 308 in the region
covered by the first stripe pattern will not be subjected to the
first exposing process. Then, a first development process is
performed to remove the first layer 308 not covered by the
first stripe pattern 402.

Then, as shown in FIG. 6, a second layer 309 such as a
second photoresist layer, is formed on the patterned first layer
308. Then, a planarization process is carried out such that the
first layer 308 and the second layer 309 form a zebra-crossing
arrangement as shown in FIG. 6. It is noted that the first layer
308 and the second layer 309 are different and has an etching
selectivity with respect to each other. In one embodiment, the
second layer 309 includes positive photoresist material, and
the second layer 309 and the first layer 308 are not dissolvable
to each other.

As shown in FIG. 7, a second patterning process is per-
formed. For example, a second exposing process is performed
by using a second mask (not shown) to expose the second
layer 309. The second mask includes a plurality of second
stripe patterns 404 which are parallel to each other. In one
embodiment of the present invention, the first stripe patterns
402 interlace with the second stripe pattern 404 in a 45-degree
or 60-degree intersection. In one preferred embodiment, the
first stripe patterns 402 are substantially perpendicular to the
second stripe patterns 404. The areas not covered by the first
stripe pattern 402 and the second stripe pattern 404 are called
areas D. Because the light source in the second exposing
process only functions on the second layer 309 instead of the
firstlayer 308, only the second layer 309 in areas D is exposed
during the second exposing process.

Please refer to FIG. 8 and FIG. 9, wherein FIG. 9 is a
cross-sectional view according to FIG. 8 along line AA'. As
shown in FIG. 8 and FIG. 9, a second development process is
performed to remove the second layer 309 in areas D, thereby
forming a patterned layer 310. A sidewall of the blocking
layer 306 is completely covered by the patterned layer 310. It
is understood that the patterned layer 310 is consisted of the
first layer 308 and the second layer 309. The patterned layer
310 includes a plurality of holes arranged in a regular array
(hole array). It is noted that, only the holes 312 in the first
region 400 would expose the under-lied dielectric layer 302.
The holes 312 in the regions other than the first region 400
would be blocked by the patterned blocking layer 306 and
cannot expose the dielectric layer 302.

Besides the aforementioned method which uses the first
layer 308 and the second layer 309 in conjugation of two
exposing processes and two development processes, in
another embodiment, the patterned layer 310 can also be
formed by using one photoresist layer in conjugation of two
exposing processes and one development process, or, by
directly using a mask having the first stripe patterns 402 plus
the second stripe patterns 404. It is understood that the pat-
terned layer 310 can be formed by other methods and is not
limited to the above embodiments. Any methods that can
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form the patterned layer 310 with holes in a regular array may
be built falls within the spirit and the scope of the present
invention.

As shown in FIG. 10, an etching process is performed by
using the patterned layer 310 as a mask to form a plurality of
via holes 314 in the dielectric layer 302 only within the first
region 400. Next, please refer to FIGS. 11 and 12 wherein
FIG. 12 is a cross-sectional view according to FIG. 11 along
line AA'. The blocking layer 306 is then removed, and a
dielectric layer 302 with a plurality of via holes 314 only in
the first regions 400 can be obtained.

Inlight of above, as a patterned blocking layer is employed
in the present invention before the etching step for forming
via holes, the via holes can be formed only in the desired
region (that is, the first region) rather than other regions.
Accordingly, the method provided in the present invention
can produce via holes with smaller pore size by using the dual
exposing processes and on the other hand, the method in the
present invention can be used in forming an integrated circuit
layout with irregular via hole arrangement.

Those skilled in the art will readily observe that numerous
modifications and alterations of the device and method may
be made while retaining the teachings of the invention.
Accordingly, the above disclosure should be construed as
limited only by the metes and bounds of the appended claims.

What is claimed is:

1. A method of forming via hole, comprising:

providing a substrate, wherein at least a first region is

defined on the substrate;

forming a dielectric layer and a blocking layer on the

substrate, wherein the blocking layer is disposed on the
dielectric layer;

removing a portion of the blocking layer in the first region;

forming a patterned layer on the blocking layer such that a

sidewall of the blocking layer is completely covered by
the patterned layer, wherein the patterned layer com-
prises a plurality of holes arranged in a regular array
wherein the area of the hole array is greater than that of
the first region, and the dielectric layer is exposed by the
holes; and

patterning the dielectric layer by using the patterned layer

as a mask to form at least a via hole in the dielectric layer
in the first region.

2. The method of forming via hole according to claim 1,
wherein the blocking layer comprises an organic layer.

3. The method of forming via hole according to claim 2,
wherein the organic layer comprises a Si-content BARC
layer.

4. The method of forming via hole according to claim 1,
wherein the step of forming the patterned layer comprises:

forming a first layer on the blocking layer;

performing a first patterning process toward the first layer

to form a patterned first layer;

forming a second layer on the patterned first layer; and

performing a second patterning process toward the second

layer to form a patterned second layer, wherein the pat-
terned first layer and the patterned second layer form the
patterned layer.

5. The method of forming via hole according to claim 4,
wherein the material of the first layer is different from that of
the second layer.

6. The method of forming via hole according to claim 4,
wherein the second patterning process functions only toward
the second layer.

7. The method of forming via hole according to claim 4,
wherein the first patterning process comprises using a first
mask comprising a plurality of first stripe patterns and the
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second patterning process comprises using a second mask
comprising a plurality of second stripe patterns.

8. The method of forming via hole according to claim 7,
wherein the first stripe patterns are substantially perpendicu-
lar to the second stripe patterns. 5

9. The method of forming via hole according to claim 1,
wherein after patterning the dielectric layer, the method fur-
ther comprising removing the blocking layer.

10. The method of forming via hole according to claim 1,
wherein the via hole is formed in the dielectric layer only in 10
the first region.

11. The method of forming via hole according to claim 1,
wherein the patterned layer is a patterned photoresist layer.
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